ABSTRACT: Lignin and hemicelluloses are the major impurities to be removed in natural fibers for it to be suitable in composite application and other uses. This research is based on evaluating the influence of soaking time and sodium hydroxide concentration on the chemical composition of treated mango seed shell (MSSF) by immersing the MSSF in NaOH solution at concentration of 2.5 -7.5 wt % and soaking time of 2-6 hr, in order to decrease the lignin and hemicellulose content while increasing its cellulose content. The optimum conditions obtained for concentration and soaking time of NaOH were 6.09 % and 5.22 hr, respectively. At these conditions, cellulose content was increased to 94.8002%, while the hemicelluloses and lignin content were reduced to 2.2779% and 0.508502%, respectively. The process parameter of MSSF was optimized using central composite design (CCD) to predict the cellulose, hemicelluloses, and lignin content. The quadratic model of response surface model (RSM) was adopted for the prediction of cellulose, hemicelluloses, and lignin content. The maximum error between the predicted using CCD and experimental results was less 0.38%. These errors in variation for both the predicted by the RSM and the actual gave good alignment with both results. Therefore, at these treatment conditions, MSSF can be utilized for composite application and other industrial purpose.
Nowadays, agro-based lignocelluloses derived from plant have been major raw materials in the composite industries for the manufacturing of new products (Obasi, 2015) . The new products are electronic packaging, automotive parts, building material, plastic containers, etc. The agro-based fiber mainly found as waste has totally replaced mineral fiber for the utilization of finished products. Following previous investigations, it is clear that agricultural waste abound in huge deposits in the environment (Obasi, 2015; Dungani et al, 2016) . When properly harnessed, agro-wastes can reduce the threat cause by fuel and petrochemicals from plastics deposit (Obasi, 2015; Shuhaidu and Soh, 2016) . The conversion of agro-waste into wealth creation is paramount for new industrial revolution. It is estimated globally that about 140 billion metric tons of agro-wastes are produced annually as a result of agro-activities which can serves as filler for polymer industry (Shuhaidu and Soh, 2016) . Agro-waste as a by-product after elimination of edible part has some of these advantages: low cost, renewable, and very light.
Cellulosic materials are the largest component of plant sourced from agro-wastes with two other main parts of the lignocelluloses called hemicelluloses and lignin (Thygesen et al., 2007; Netral et al., 2012; Dungani et al., 2016; Shuhaidu and Soh, 2016) . The cellulosic fiber provides better strength when used for composite utilization (Bogoeva-Gaceva et al., 2007; Netral et al., 2012) . Several studies have shown that agro-based plants with high amount of cellulose content are good for the production of natural filler polymer composite (Bogoeva-Gaceva et al., 2007; Netral et al., 2012; Dungani et al., 2015; Government et al., 2017; Government et al., 2018) . While the other unwanted part of natural fiber known as hemicelluloses and lignin are meant to be reduced to avoid the issues of incompatibility when employed for composite and industrial utilizations (Wu et al., 2000; Rowell, 2005; Nachtigall et al., 2007) . The problem of incompatibility can lead to more water absorption when the agro-based plant has been process as industrial products after exposure for long period (Haristov and Vasileva, 2003 Government et al., 2017; Government et al., 2018) . One of the processes of boosting the properties of the agro-wastes derive from plant source for composite production is through chemical modification (Nachtigall et al., 2007) . The chemical treatment helps to knock down the gelly-like material found in the agro-waste and releases it in the chemical modifier solution which can be rinsed out with distilled water. Some of the chemical treatment used in purifying the lignin and other unwanted parts from agro-based plant are alkaline and acid treatment (Shuhaidu and Soh, 2016) .
From previous work, it can be ascertained that treatment of agro-wastes using alkaline medium yields better results than other treatment methods (Shuhaidu and Soh, 2016; Oushabi et al., 2017; Obasi et al., 2015; Kim and Han, 2012; Iroba et al., 2013) . In addition, alkaline treatment of fiber produces smaller soaking time and temperature of reactant than any other treatment process (Kim and Han, 2012; McIntosh and Vancov, 2011; Chen et al., 2007) . The basic form of alkaline modifying agents used for delignification and reduction of hemicelluloses are NaOH, Ca(OH)2 and KOH (Binod et al., 2010) . Treatment process using alkaline solution as modifiers influence the natural fiber agro-based by dissolving the hemicelluloses in the solution, minimization of crystalinity, improving volume of pores and the surface area of the fiber (Behera et al., 2014; Camesasca et al., 2015; Shuhaidu and Soh, 2016) . In the same vein, alkalization treatment of agro-based plant entails delignification of lignin and allows the dissolution of hemicelluloses branch of the fiber (Binod et al., 2010) . NaOH as a modifier has frequently been used in the removal of unwanted components of lignocelluloses based material and has shown to be one of the best method for reduction of unwanted part of plant fiber composition (Cotanaa et al., 2015; Zheng et al., 2009) . The chemical composition of plant fiber generated from agro-based source through chemical modification with NaOH is a function of certain variables. The variables are soaking duration, concentration of the alkali treatment, temperature of the reaction and the ratio of fiber in the alkali solution (Kim and Han, 2012; Shaihaidu and Soh, 2016; Iroba et al., 2013) . However, research in this area has shown that NaOH treatment of agro-based has improved cellulose content and decrease hemicelluloses and lignin content. These include Shea butter bark flour (Akpake, 2017) , wheat straw (Sun et al., 1995) , rice straw (Kim and Han, 2012; Shaihaidu and Soh, 2016) and barley straw (Iroba et al., 2013) . The present research involved the use of novel mango seed shell flour (MSSF) which is to be treated with NaOH with the sole aim of increasing its cellulose component through the reduction of the hemicelluloses and lignin constituent of the MSSF. The objective of this work is to study the effect of varying NaOH concentration and soaking time on the chemical composition of Mango Seed Shell Flour (MSSF) in order to determine their optimum conditions in composite application.
MATERIALS AND METHODS

Mango Seed Shell Flour (MSSF) Extraction:
Mango seed shell flour was sourced from Wapam-Aku in Wukari Local Government Area of Taraba State.
Purchasing of NaOH:
The NaOH pellets 98 % extra pure w.w 40.0, was prepared by LOBA Chemie Laboratory reagents and fine chemicals Pvt. Limited, Mumbai, India. The NaOH was obtained in Ogbete Main Market, Ogbui, Enugu State of Nigeria.
Preparation of MSSF:
The MSSF was washed with water and sun-dried for 8 hours daily for a period of 1 week. The MSSF was ground and sieved into 850 µm mesh size. 10 gram of MSSF was immersed in NaOH solution at concentration of 2.5, 5.0, 7.5 by weight and soaking time 2, 4 and 6 hr. After treatment, the MSSF was rinsed five times with deionized water to removed hemicelluloses and lignin. The treated MSSF was sun-dried for 8 hours before the chemical characterization test was carried out using gravimetric method.
Determination of Chemical Composition of MSSF:
The chemical composition of MSSF was carried out in Divine Chemical Laboratory, Nsukka Enugu State. The MSSF after passing the stages of alkali treatment was subjected to chemical composition test to determine the chemical composition by ChessonDatta gravimetric method (Mahyati et al., 2013) . 1 g of pretreated dried MSSF (V) and 150 ml deionized water were heated together in a beaker at a 100 0 C for 1 hour. After heating, the residue was separated out from mixture of MSSF and the deionized water by filtration process. The residue was rinsed with 300ml warm deionizer water. This residue was oven-heated to a steady weight (W). The mixture of the residue and 150 ml of 1 M H2S04 was heated in the oil bath for 1 h at 100 0 C. The mixture was later passed through filtration and rinsed with 300ml of deionized water and dried to obtain another residue (X). The residue was immersed in 10 ml of 72 % H2SO4 at ambient temperature for 4 h and further addition of 150 ml of I M H2SO4 into the mixture. The mixture was refluxed in the oil bath for 1h. The solid generated after refluxing was rinsed with 400 ml of deionized water, oven-heated at 105 0 C and weighed 
% lignin= × 100
Design of Experiment and Optimization: The design of experiment involved a two factors central composite model to determine optimum treatment variables to maximize the cellulose content and minimized the hemicelluloses and lignin content for composite application. The selected variables are the NaOH concentration (A) and soaking time of treatment (B). The ranges of these variables were 2.5-7.5 wt% and 2-6 hr for concentration and soaking time, respectively. Using design expert software 7.0, a total of 13 runs was generated and experimented upon, using CCD option of face centered design. The chemical composition of MSSF with respect to the chemical modification for cellulose (C), hemicelluloses (H) and lignin (L) were chosen as response in RSM. The ANOVA analysis with help of quadratic model based on the two factor experiment at 95% confidence level was also done. Table 1 shows the range and level of parameters used in the treatment on MSSF in the central composite design. The symbol -α represented the smallest parameter in the CCD, -1 is the smaller term of the variable to be placed in the CCD , while 0 is the middle term of the parameters, +1 is the high term of the variable and +α is the highest term of the variable in the CCD (Montgomery, 2011) . Table 2 Government et al., 2018; Mayers et al., 2004; Mayers et al., 2009) . This related pattrern of results were also presented by other scolars (Soury et al., 2009; Hadi, 2011; Patpeni et al., 2015; Government et al., 2018) . (Kim and Han, 2012; Shaihaidu and Soh, 2016; Iroba et al., 2013) . The reduction in hemicellulose and lignin content increases, as the concentration of NaOH and immersion time increases. This is because the hemicelluloses and lignin content may have been force out from the plant fiber and then dissolves in the solution. These unwanted components are finally rinsed out with distilled water. The optimum conditions for the entire process which is favourable to the responses (cellulose, hemicellulose and lignin content) is at 6.09% NaOH concentration and soaking time of 5.22hrs. Similar observation was recorded by previous researchers (Kim and Han, 2012; Shaihaidu and Soh, 2016; Iroba et al., 2013) at their own optimum conditions.
RESULTS AND DISCUSSION
Regression model generation for prediction of composition of treated MSSF:
Analysis of Model Adequacy for Treated MSSF Composition:
The predicted and actual plots of pretreated MSSF composition were captured in Fig.  2(a-c) . The plots for C, H and L as can be seen in Fig  2( (Myers et al., 2002; Myers, 2004; Montgomery, 2011 , Government et al., 2018 . 
Optimization and Model Validation:
The optimal parameters for the yield of cellulose content, the removal hemicellulose and lignin content were displayed in the overlay plot in Fig.3 . The maximum cellulose content was recorded at 94.8002%, while the hemicelluloses and lignin content were 2.2779 % and 0.508502 %, respectively. Also, process conditions occurred at 6.09 % wt NaOH concentration and soaking time of 5.22 hr. The validation of treated MSSF composition at optimum condtion for the predicted using CCD and the experimental result is displayed in Table 4 . The relative percentage deviation modulus when the comparison of experimental treated MSSF composition and predicted results by the application of RSM indicated that it is less than 0.4%. This is an indication of good prediction of the treated MSSF composition using RSM. 
